For  Reference 


NOT  TO  BE  TAKEN  FROM  THIS  ROOM 


6(x  IWBIS 


HIGH  LEVEL  BINDERY 

10762-82  Ave.,  Edmonton 
"The  Highest  Level  of 
Craftsmanship" 


I 


\  . 


.  .w 


THE  UNIVERSITY  OF  ALBERTA 


THE  EFFECT  OF  STIMULUS  INTENSITY  ON 
THE  FATIGUE  CURVE  FOR  REPEATED  VOLUNTARY  MAXIMAL 
GRIP  STRENGTH  CONTRACTIONS 


by 


LORNE  EDWARD  HASINOFF 


A  THESIS 

SUBMITTED  TO  THE  FACULTY  OF  GRADUATE  STUDIES 
IN  PARTIAL  FULFILMENT  OF  THE  REQUIREMENTS  FOR  THE  DEGREE 

OF  MASTER  OF  SCIENCE 


DEPARTMENT  OF  PHYSICAL  EDUCATION 


EDMONTON,  ALBERTA 


SPRING,  1970 


■I  • 


KTi^ud^  ^io  yTrii>s:Vtjm  im 


u'm 

'■ 


*  ■  • 


;3 


liO  £bvflt'av:&  %t> 

/  trj,K  Hr  i,  .  V  (M‘  315011/,^  3)4t 

"  r-  • 

8H«iJ/J.»».  -  .K  U  '  HI'.'WJ  B  'JIHO  '  ,,  j 
.-  '  ■v.vi- 


li^ '  ■ 


■'^Ss^--,  .  ■■■■■■' 


T 

A  _-  • 

t.  PV 


^■.:k 


aiapr;  /-. 

/.  *  ‘Kfi^  or  LfUTii  -sue 


.u  .me  :  >:ti  =  ii  nji  'iKj  JAi:s$f  ^S 


?  r^nT-^ji  %6  ^  oAH 

. ^ 


If'i'Ii^  30  Tf&lS  Sr'UQ 


y>r:y53>.r/  ,MO/;:OM‘:»n 

e\t*i 


THE  UNIVERSITY  OF  ALBERTA  ' 


FACULTY  OF  GRADUATE  STUDIES 

The  undersigned  certify  that  they  have  read,  and  recommend 
to  the  Faculty  of  Graduate  Studies  for  acceptance,  a  thesis 
entitled  "The  Effect  of  Stimulus  Intensity  on  the  Fatigue  Curve 
for  Repeated  Voluntary  Maximal  Grip  Strength  Gontractions" 
submitted  by  Lome  Edward  Hasinoff  in  partial  fulfilment  of  the 
requirements  for  the  degree  of  Master  of  Science. 


*  <r  ' 


man 


Jl'  a,  ' 


'1'  ..  '  ■■ 


ABSTRACT 


The  purpose  of  this  study  was  to  see  if  a  change  in  an  individual's 
fatiguing  rate  could  be  induced  by  altering  the  intensity  of  the  subject's 
performance  cue.  Each  subject  was  required  to  squeeze  a  hand  dynamometer 
as  hard  as  possible  on  the  cue  "pull"  twenty-five  times,  once  every  five 
seconds.  A  700  cycle  per  second  blip  was  included  midway  between  each 
stimulus  signal  to  ensure  that  the  subject  would  keep  attending  each 
instruction.  A  cover  story  was  incorporated  in  an  attempt  to  initialize 
pre-task  motivational  levels. 

Eighty  subjects  were  randomly  assigned  to  one  of  four  test  groups, 
receiving  only  one  testing  session.  The  control  group  received  a  series 
of  twenty-five  identical  stimulus  signals,  each  at  a  constant  level  of 
seventy- three  decibels.  The  three  experimental  groups  received  exactly 
the  same  instructions  as  the  control  group,  except  that  they  received 
either  a  sixty,  eighty-six,  or  ninety-nine  decibel  stimulus  signal  on 
trial  sixteen.  All  instructions  were  pre-recorded  to  ensure  standardiza¬ 
tion  for  all  subjects. 

Analyses  of  variance  and  covariance  were  applied  to  the  difference 
score  obtained  from  subtracting  the  mean  of  trials  sixteen  to  twenty  from 
the  mean  of  trials  eleven  to  fifteen  for  each  subject.  No  significant 
differences  were  found. 

It  was  concluded  that  no  difference  existed  between  any  of  the  four 
groups.  Hence,  an  individual's  fatiguing  rate  could  not  be  altered  by  a 
change  in  the  intensity  of  the  performance  stimulus. 
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CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 


Introduction 

Man  has  associated  an  increase  in  muscle  strength  with  exercise 
since  at  least  the  sixth  century  B.C.  At  that  time  Milo  of  Crotona 
advocated  lifting  a  baby  calf  onto  one's  shoulders  daily  as  a  means  of 
increasing  muscular  strength  (1) .  As  the  calf  increased  in  weight,  so 
the  individual  would  increase  in  strength  until  he  reached  the  limits 
of  his  potential  strength  at  which  time  he  would  be  unable  to  lift  the 
calf . 


A  variety  of  undesired  sources  of  variation  such  as  motor  learning, 
attitudes,  motivation,  feelings  of  well-being  or  discomfort  all  affect 
the  amount  of  effort  an  individual  will  put  into  a  voluntary  exercise. 

The  comments  of  Ikai  and  Steinhaus  (2:161)  are  representative  of  the 
opinions  held  by  a  number  of  investigators  in  the  field  of  strength 
development . 

Our  findings  appear  to  support  the  thesis  that  in  every 
voluntarily  executed,  all-out  maximal  effort,  psychologic 
rather  than  physiologic  factors  determine  the  limits  of  per¬ 
formance.  Because  such  psychological  factors  (including 
pharmacologically  induced  psychic  states)  are  readily  modi¬ 
fied,  the  implications  of  this  position  gravely  challenge  all 
estimates  of  fitness  and  training  effects  based  on  testing 
programs  that  involve  measures  of  all-out  or  maximal  perform¬ 
ance  . 

Yet  in  the  1950 's  many  physiologists  maintain  that  in  voluntary 
efforts  it  is  not  known  for  certain  whether  the  force  that  can  be  exerted 
is  limited  by  the  capacity  of  the  nervous  centres  and  conducting  path¬ 
ways  to  deliver  motor  impulses  to  the  muscle  fibers  or  by  the  intrinsic 
contractile  properties  of  the  fibers  themselves;  whether  in  fact,  a 
voluntary  effort  can  be  bettered  by  maximum  tetanic  stimulation  of  the 
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musculature  electrically,  or  not.  Also  in  fatigue,  it  was  not  clear 
whether  tension  falls  off  because  the  degree  of  voluntary  innervation 
drops  or  because  the  fibers  are  biochemically  incapable  of  maintaining 
their  contraction  (3) .  This  problem  was  maintained  by  the  semantic 
misinterpretation  of  the  word  fatigue  as  used  by  physiologists  as 
opposed  to  the  meaning  applied  to  the  word  by  psychologists.  Bartley 
(4)  has  clarified  some  of  the  misconception  by  terming  the  dependent 
variable  work  output  rather  than  fatigue. 

Nevertheless,  it  remains  well  known  that  the  body  has  reserves 
which  are  not  under  the  control  of  the  will  and  are  available  for  use 
only  under  stress,  emotional  or  otherwise  (4) .  Wolfe  (5)  feels  that  in 
a  voluntary  maximal  effort  inhibitory  influences  from  the  brain  limit 
an  individual  to  approximately  fifty  per  cent  of  his  capacity. 

Removal  of  inhibitions  can  be  affected  by  fear,  alcohol,  and  place¬ 
bos.  Actually,  it  is  the  belief  in  the  potency  of  the  placebo  itself 
that  allows  individuals  to  activate  the  bodily  equipment  to  a  super¬ 
usual  performance. 

Margaria  and  Gualtierotti  (6)  have  suggested  that  biochemical  and 
physiologic  changes  due  to  muscular  contribution  in  itself  may  be  trivial 
in  comparison  with  other  factors  mainly  of  psychological  nature  that  are 
most  responsible  for  the  reduction  of  performance  and  for  the  subjective 
and  unpleasant  sensation  characteristic  of  fatigue.  These  last  compon¬ 
ents  are  particularly  important  in  activities  not  involving  hard  exercise. 

The  idea  of  this  study  was  conceived  as  a  logical  extension  of  the 
brief  review  presented  in  the  introductory  section  -  to  put  the  phenomena 
of  the  voluntary  maximal  to  test  using  the  criterion  of  grip  strength 
and  the  motivating  agent  of  an  auditory  stimulus  of  changed  magnitude. 
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Statement  of  the  Problem 

The  purpose  of  this  study  is  to  determine  the  effect  of  stimulus 
intensity  on  the  fatigue  curve  for  voluntary  maximal  grip  strength. 
Specifically,  the  following  hypotheses  are  proposed: 

(1)  that  the  presentation  of  an  auditory  stimulus  of  different 
intensities  will  not  produce  a  change  in  the  pattern  of  the  fatigue 
curves  for  grip  strength. 

(2)  that  the  magnitude  of  an  increase  in  intensity  of  the  auditory 
stimulus  will  not  have  a  predictable  effect  on  the  response. 

Value  of  the  Study 

The  usual  procedure  in  studies  in  the  physiological  and  psycho¬ 
logical  areas  of  physical  education  is  to  increase  the  effect  of  experi¬ 
mental  variance  and  to  reduce  the  effect  of  extraneous  variance  intro¬ 
duced  by  psychological  factors.  These  factors  do  play  an  important  role 
in  athletic  performance,  as  well  as  in  everyday  life,  and  thus  merit 
study. 

The  study  of  psychological  factors  as  nuisance  variables  dates  back 
to  the  middle  of  the  nineteenth  century  when  experimental  psychology  was 
first  becoming  experimental.  Early  investigators  in  this  area  were  con¬ 
cerned  with  the  study  of  the  average,  normal,  adult  human  being.  This 
study  was  statistical  in  the  sense  that  investigations  sought  to  describe 
an  average  person.  Measurements  obtained  on  different  people  yielded 
different  results,  and  the  main  concern  was  with  an  average  or  some  other 
representative  measure  of  central  tendancy  among  the  results  for  a 
particular  group  of  observers.  The  pioneer  of  this  era  was  G.  T.  Fechner 
and  most  of  his  work  went  unchallenged  until  the  1930's  when  S.  S.  Stevens 
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began  to  question  the  validity  of  the  Weber-Fechner  Law.  It  was  Stevens' 
systematic  study  which  ultimately  led  to  the  present  psychophysical  law 
which  relates  stimulus  intensity  to  stimulus  sensation  (7) .  This  rela¬ 
tionship  of  stimulus  intensity  to  stimulus  sensation  has  practical 
application  to  much  of  the  strength  and  fatigue  testing  done  in  physical 
education  where  this  form  of  external  motivation  is  being  used. 

Delimitation 

A  human  vocal  signal  was  used  in  preference  to  a  white  noise 
stimulus . 

Definition  of  Terms 

Fatigue .  "A  self-recognizable  state  in  which  the  individual  feels 
inadequate  for  his  task  based  on  bodily  experiences  of  discomfort,  weak¬ 
ness,  slowness,  et  cetera  and  also  upon  other  cognitive  criteria  such  as 
feelings  of  futility,  et  cetera,  and  when  rightly  understood,  this  state 
is  seen  to  have  a  relation  to  performance,  particularly  its  cost."  (4:154) 

Placebo .  "An  inactive  substance  or  preparation,  formerly  given  to 
please  or  gratify  a  patient,  now  also  used  in  controlled  studies  to  deter¬ 
mine  the  efficacy  of  medicinal  substances"  (8) . 

Double-blind .  A  situation  in  which  both  the  subject  and  the  experi¬ 
menter  believe  the  substance  to  be  pharmacologically  active  (9) . 

Single-blind .  A  situation  in  which  the  subject  remains  naive  but 
the  experimenter  is  aware  of  the  inertness  of  the  substance  (9) . 

Sone .  The  sone  is  a  unit  of  loudness.  By  definition,  a  simple  tone 
of  frequency  1000  cycles  per  second,  forty  decibels  above  a  listener's 
threshold,  produces  a  loudness  of  one  sone.  The  loudness  of  any  sound 
that  is  judged  by  the  listener  to  be  n  times  that  of  the  one  sone  is  n 


sones  (10) . 
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Intensity  Level.  The  Intensity  Level,  in  decibels,  of  a  sound  is 
ten  times  the  logarithm  to  the  base  ten  of  the  ratio  of  the  intensity. 
The  reference  intensity  shall  be  stated  explicitly  (10) . 

Decibel .  The  decibel  is  one- tenth  of  a  bel.  The  abbreviation  "db" 
is  commonly  used  for  the  term  decibel  (10) . 

Bel .  The  bel  is  a  dimensionless  unit  for  expressing  the  ratio  of 
two  values  of  power,  the  number  of  bels  being  the  logarithm  to  the  base 
ten  of  the  power  ratio  (10) . 


I 


f-i  tiij"  i’  *' 

•»  # 

..M ' ^.  |||ii  tongr  J*/  » 

.(Wt  -.j-ri 

j- 

.  M/.'  .  ■■•.’  I- 

<1* 


:>  ^m  i  ■  ■ '  ■ 


ji}L^JL^  .jm2A 
"  »>d  r>l,*  I  .'  i4  »  '.!  *  f"'  ' 


ff'j ' 


n  •  :-  t«Hf  '.twiTiBf  ■  ■'  i-  >*»i 

'r 

•  t  IPf  ii**'  ■  "'  'Xl-  'jv^ 

I  .r.  y'* 

*•  .  •^'  ■  «■'  .  , 


REFERENCES 


1.  Gardiner,  E.N.  Athletics  of  the  Ancient  World  Oxford:  Clarendon 

Press,  1930. 

2.  Ikai,  M.  and  Steinhaus,  A.H.  "Some  Factors  Modifying  the  Expression 

of  Human  Strength,"  Health  and  Fitness  in  the  Modern  World, 
148-161,  1961. 

3.  Clarke,  D.H.  and  Stelmach,  G.E.  "Muscular  Fatigue  and  Recovery 

Curve  Parameters  at  Various  Temperatures,"  Research  Quarterly 
37:468-479,  1966. 

4.  Bartley,  H.S.  "Some  Things  to  Realize  About  Fatigue,"  Journal  of 

Sports  Medicine  and  Physical  Fitness  4:153-157,  1964. 

5.  Wolfe,  S.  "Psychosomatic  Aspects  of  Competitive  Sports,"  Journal 

of  Sports  Medicine  and  Physical  Fitness  3:157-163,  1963. 

6.  Margaria,  R.  and  Gualtierotti,  T.  "Functional  Fundamental  Character¬ 

istics  of  the  Nervous  System  of  Athletes  and  the  Effects  on 
Performance,"  Health  and  Fitness  in  the  Modern  World  162-171, 
1960. 

7.  Stevens,  S.S.  "To  Honor  Fechner  and  Repeal  His  Law,"  Science  133:80- 

86,  1961. 

8.  Dorland's  Illustrated  Medical  Dictionary,  (23rd  edition),  Philadelphia 

W.B.  Saunders  Co.,  1959, 

9.  Morgan,  W.P.,  Cooper,  J.K.,  and  Goeckerman,  R.W.  "Personality, 

Muscular  Performance,  and  Placebo  Reaction:  A  Double-Blind 
Study,"  Paper  presented  at  the  Fourteenth  Annual  Meeting  of 
the  American  College  of  Sports  Medicine,  Los  Vegas,  Nevada, 

1967. 

10.  Hirsh,  I.J.  The  Measurement  of  Hearing  McGraw-Hill  Book  Co.  Inc., 
New  York,  1952 . 


:r,n.  r-O  ^ 1^:  ^  *3?*^*'’** 

nt^l  iW9iw 

t 

£,0Jr»6-.i>v  MiT  iniylI4«l  ?•■<■  t.rt  ^5’  ..'.A  .susilnislR  bo»  -H  ,1bjII^ 

hUn,  .  'Jll  B/  .csnrJlioBjLliSal  “."-'3B^iA2  '  "cuB 

- - - - -  J 

Vfsvoa-a'  W»  6ai||*UM  miuauiAji*  -  ,i. tic^n )  *,5^  ptr^  .  j.  ^  ,^.V:»l!J 

.*rwv  >0  ua7if«e>>:  •  ^  -•  /  •  /»’  n.ic4^P.v  jb  3763iA.i::>*S  uv'iOU 

-ecr^l 

,  ® 

5o  lAi^in*  I  '  ,<7rt  li  IIS'!  iUOkU:  o'Hrii::  GJ  '  -8  “H  i^col^-.aW 

^ 0*‘  1  , \  »  Hes.  ■  V't  {ii»>lsvi.“:.  bi  n^,'>i  ti/rooS 

•  '  r.’  T  *  t 

iftr.iuoL  •',»»)  ' ::qf‘'00  ic  ftiaejqpA  •:  r- lO.Gc  ty/ R^**  ►?.  .stJcW 

.i**-!-  -'  ••!:€  aean  il’^  I fvuJtBVi?'^  bo^-  'j»  t -Ihsti  .<u^oql  l£. 

-rafcr.Tfifll^  lR}r^’“^»Uw'n  I  fcfjt  i3  oTu^'i^  -*  '  Du  '  t»('B  -ii 

ric  ti]3«i»'l  6<l-.  b<iu  aSifliUtA  *T'0.fiv;;  ftuf  TOIL  ai"-’  5o 
.l^J-'.oi  I !  3o1tf  'j-tf'-  ni  8gvm*.  M  ..^.p  ti.b.  '  jSi^cajirro^as'^ 

.ud*^  ^ 


<3 


-O^’  tFEi  >  n(i  :ic  '' .♦J'ftJ  alL  I  RaqciJ  btia  •?f.'rtr''j’r'*^  -onoH  oT"  .2.'8  ,a»if>v9iif 

^  <  .f  <*1  .<^6  # 

,(ripi)ib‘3  b'ifS)  .y -tGpr- ir./jJ ±[ it»^ ll9L 

nCiii  ,t  .»} 

I  il  ttnoai..'5'i**  <.v...'  ,  j  f>»  G  ,.3I.X  <^95^.’.;  (.i-.V 

kujlUi'^j'  i  o*  0''»' hl<i  u(^i  ,!>'infi.uaoV7a(S;  .*Ta{  i 

10  iP,!  .ijt.i':  fiituflA  ra'jJ  v'.A'  -Aiii  »? 

.r!!®'.  r-.  ,.  I  ,j\r  «0J  .VI  jfi  aLitJOqfc  To  «..3|!o)  n/i  J 

f  \(>^  :l 

--B  V 

,.or.I  I  O'J  alooM  li if} *-wfi at) n. r^anJCSsH  ^^7  ,  »  J 

t  '  .y  ioY  voM  \ 


s* 


CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

Fatigue  and  Muscular  Tension 

In  the  classic  sense,  muscular  fatigue  involves  large  work  decrement 
resulting  from  massed  practice  on  certain  motor  tasks--the  decreased  capac¬ 
ity  of  a  muscle  that  follows  continued  or  repeated  contraction.  It 
seems  obvious  that  muscular  fatigue  must  occur  in  the  muscles,  but  actually 
this  is  true  only  in  a  limited  sense.  The  early  experiments  seemed  to 
indicate  that  the  fatigue  breakdown  occurred  considerably  higher  up  in 
the  nervous  system. 

The  body-process  phenomena  that  seem  to  be  a  part  of  the  individual's 
overall  concern  even  when  he  is  fatigued,  are  not  in  themselves  fatigue, 
and  cannot  be  studied  as  if  they  were.  Dealing  with  these  processes  as 
such  is  dealing  with  action  at  sub-personalis tic  levels.  One  of  these 
sub-personalistic  levels  is  the  cellular  level.  Bartley  (1)  has  termed 
anomalous  function  of  cells  impairment.  Not  only  can  impairment  occur 
without  fatigue,  but  fatigue  can  occur  without  impairment,  although  some¬ 
times  impairment  does  happen  to  underlie  fatigue,  or  fatigue  induce  im¬ 
pairment.  Two  general  outcomes  are  possible  in  the  human  organism: 

(1)  disorganization  occurs  at  various  levels  including  the  person- 
alistic  and  has  to  do  with  the  function  of  cells  with  each  other. 

(2)  impairment  has  to  do  with  the  condition  of  cells. 

If  one  believes  all  action  of  the  organism  as  a  unit  depends  upon 
body  processes,  then  all  action  is  dependent  upon  organization  of  the  com¬ 
ponent  processes.  Some  systems  such  as  the  central  nervous  system  are 
capable  of  being  organized  in  almost  infinite  numbers  of  ways.  Much  of 
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this  vast  potentiality  lies  within  the  normal  function  of  its  constitu¬ 
ent  cells.  Hence  functional  anomaly  of  cells  need  not  be  the  first 
suspicion  when  the  organism  as  a  whole  behaves  in  a  unique  way,  or  when 
it  slows  down  or  fails  in  any  performance.  Fatigue  is  one  of  several 
forms  of  disorganization  the  human  may  exhibit. 

As  early  as  1890,  Mosso  (2)  found  that  an  "exhausted"  finger  could 
be  made  to  respond  by  electric  stimulation  (through  the  skin)  of  either 
the  muscle  or  its  motor  nerve;  the  implication  being  that  the  fatigue 
occurred  higher  up  in  the  nervous  system.  This  need  not  mean  that  some 
connections  in  the  higher  centres  failed  through  metabolic  changes. 
Actually,  muscular  fatigue  in  the  intact  organism  turns  out  to  be  due, 
not  to  any  passive  failure  of  the  muscles  or  its  controlling  neural 
paths,  but  to  an  active  feedback  which  protects  the  muscle  from  over¬ 
work  (3)  . 

Spearman  (4)  reported  that  a  person's  efficiency  at  any  continuous 
work,  such  as  finger  ergograms,  diminishes  very  rapidly  for  a  period  of 
about  two  minutes,  but  then  undergoes  very  little  dimunition  for  hours, 
until  finally  there  occurs  an  abrupt  drop  down  to  entire  impotence.  But 
during  all  the  time  that  so  little  dimunition  is  manifested,  a  longer 
and  longer  rest  becomes  necessary  in  order  to  regain  the  full  efficiency 
of  the  beginning;  fatigue  was  really  occurring  all  the  time,  but  in  such 
a  way  as  to  remain  latent. 

Phillips  (5)  found  that  the  fatigue  manifested  after  ninety  minutes 
of  continuous  work  seemed  to  fall  into  three  portions.  First,  there  was 
a  large  portion,  twenty-four  to  fifty-seven  per  cent,  which  vanished  as 
the  subject  proceeded  to  a  similar  kind  of  operation,  but  rendered  more 
interesting  by  being  regarded  as  a  test.  Such  fatigue  so  lightly  dissi- 
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pated  could  only  be  of  a  subjective  sort.  Second  came  the  portion  of 
fatigue  which  resisted  the  excitement  of  being  tested,  but  yielded  to 
a  change  in  the  kind  of  operation  used  for  testing.  Such  fatigue  was 
seemingly  objective  in  nature,  but  still  specific  in  the  sense  of  not 
being  transferred  to  unlike  operations.  Third  was  the  remaining  por¬ 
tion  of  fatigue  yielding  neither  to  excitement  nor  to  change.  Summing 
up,  Phillips  termed  subjective  fatigue  as  partly  specific  and  partly 
objective . 

Data  obtained  under  widely  different  conditions  indicate  that  in¬ 
crements  in  tension  may  increase  efficiency  of  performance,  have  no 
effect  on  it,  or  be  actually  inhibitory.  Freeman  (6)  did  a  series  of 
experiments  in  an  attempt  to  relieve  some  of  the  ambiguity  of  these 
contradictory  results.  In  one  of  the  experiments,  the  relationship  of 
motivation  to  both  facilitative  and  inhibitory  effects  in  the  same  task 
was  investigated.  The  results  indicated  that  while  tension  is  a  factor 
normally  contributing  to  the  facilitation  of  work,  it  may  become  an 
inhibitor  of  precise  performance.  Tension  was  notably  increased  under 
the  conditions  of  "supermaximal"  effort.  The  instructions  for  a  "sub- 
maximal”  effort  were  generally  successful.  In  both  these  cases,  the 
controls  were  set  by  the  use  of  appropriate  incentive  motivation. 
Freeman  was  careful  to  add  that  facilitation  of  any  activity  depends 
upon  three  factors: 

(1)  Qualitative  -  the  locus  of  the  facilitating  activity 

(2)  Quantitative  -  the  amount  or  intensity  of  the  facilitating 

activity 

(3)  Temporal  -  the  time  relations  existing  between  the  onset  of 

facilitating  activity  and  the  performance  under  observa¬ 


tion. 
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To  obtain  the  qualitative  locus  of  optimal  muscular  facilitation,  the 
quantitative  and  temporal  factors  must  be  held  constant.  If  facilita¬ 
tion  were  defined  as  the  increase  of  neural  action  by  increased  stimu¬ 
lation,  the  summation  of  impulses  would  explain  the  reinforcement  of 
higher  neural  arcs  by  muscular  tension. 

Pike  and  Chappell  (7)  documented  information  concerning  the  summa¬ 
tion  of  impulses  on  the  motor  horn  cells  and  in  the  cerebral  cortex  as 
well  as  on  the  afferent  side.  Freeman  felt  that  cortical  summation  of 
proprioceptive  impulses  with  impulses  of  other  origin  occurred  in  his 
experiments.  The  facilitation  of  selected  acts  by  the  preliminary  con¬ 
traction  of  the  reacting  muscle  groups  indicated  that  summation  may  also 
have  occurred  on  the  efferent  side  of  the  arc.  Freeman  concluded  that 
optimal  facilitation  is  obtained  when  the  tension  is  in  muscle  groups 
most  closely  related  neurologically  to  the  reacting  member  and  is  not  the 
same  for  all  performances. 

A  study  by  Bigland  and  Lippold  (8)  dealt  with  the  actual  motor  unit 
activity  during  a  voluntary  contraction.  Human  muscles  were  stimulated 
with  square  pulses  applied  locally  and  via  the  motor  nerve  at  different 
frequencies;  the  tensions  being  recorded  with  a  strain  gauge.  The  maximal 
tension  produced  by  tetanic  stimulation  equalled  that  developed  in  a  maxi¬ 
mal  voluntary  contraction.  The  ulnar  nerve  was  partially  blocked  by 
pressure  at  the  elbow,  and  motor  unit  frequencies  were  measured  during 
maximal  efforts  as  the  tension  declined.  The  frequencies  of  the  discharge 
were  not  higher  than  those  occurring  when  the  nerve  was  normal  and  the 
relation  between  strength  of  contraction  and  rate  of  firing  was  the  same 
as  in  the  unblocked  state.  These  results  indicate  that  gradation  of 
contraction  in  the  muscles  investigated  was  brought  about  mainly  by  motor 
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unit  recruitment  except  at  very  low  and  high  contraction  strengths. 

Josenhans  (9)  noted  that  peak  performance  could  only  be  reached 
after  many  training  sessions  and  accompanying  improvement  was  reflected 
in  significant  changes  in  the  electromyograph  pattern  with  increased 
mobilization  of  motor  units. 

Psychophysiologic  Phenomena 

Changes  in  the  motivational  level  of  the  subject  or  athlete  during 
his  test  or  trial  alter  his  performance.  Investigators  have  approached 
this  problem  of  motivation  in  a  variety  of  ways. 

Josenhans  (9)  noted  the  effects  of  motivation,  in  the  form  of  com¬ 
petition,  on  the  gain  in  muscle  force  resulting  from  a  training  program 
and  suggested  that  motivation  may  contribute  to  the  gain  in  two  ways: 

(1)  elimination  of  inhibitory  mechanisms 

(2)  increased  mobilization  of  motor  units. 

In  answer  to  the  question  of  how  motivation  effects  the  muscle  fiber 
and  the  increase  in  muscle  force  Josenhans  explained  that  "increased 
motivation  most  likely  mobilizes  more  muscle  tension;  and  most  observers 
indeed  found  a  significant  relationship  between  training  force  and  gain." 
(9:320) 

Lehmann  et  al  (10)  found  in  experiments  with  Pervitin  that  the  end¬ 
point  of  any  performance  is  a  balance  between  fatigue  and  muscular  pain 
on  one  side,  and  motivation  and  will-power  on  the  other.  The  effect  of 
motivation  in  the  gain  in  muscular  force  was  attributed  to  the  same  two 
factors  as  listed  above. 

His  lop  (11)  recommends  that  to  obtain  the  maximum  voluntary  perform¬ 
ance  one  should  select  subjects  who  have  a  personal  interest  in  the 
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research  rather  than  a  larger,  more  random  group.  She  appealed  for 
greater  cognizance  of  the  role  of  motivation  in  voluntary  activity. 

The  author  emphasized  her  point  by  stating: 

Regardless  of  the  exact  nature  of  the  substrate 
mechanisms,  it  must  be  acknowledged  that  the  indefin¬ 
able  process  of  motivation  is  what  permitted  man  to 
run  his  first  four-minute  mile;  and  what  has  led  to 
the  statement  that  'records  are  made  to  be  broken.' 

The  desire  to  excel  therefore,  should  be  considered  as 
one  of  the  determining  variables  responsible  for  im¬ 
provement  in  human  voluntary  muscular  strength.  Quanti¬ 
tative  estimates  of  motivation  cannot  be  made  but  the 
observations  made  in  this  experiment  illustrate  that  its 
presence  can  be  dramatically  demonstrated  when  such 
persons  are  compared  with  subjects  who  respond  in  the 
usual  or  'average'  manner.  (11:36) 

Gorton  (12)  pointed  out  that  the  actual  contractile  force  of  a 
muscle  is  greater  than  normally  apparent,  indicating  the  instances  of 
fractures  due  to  muscular  contraction  observed  as  complications  in 
electric  shock  therapy.  Muscular  activity  then  seldom  reaches  a  maximal 
nature  in  testing  situations. 

As  motivation  is  partially  confined  by  induced  inhibitions,  many 
researchers  have  employed  hypnosis  as  a  method  to  determine  the  extent 
of  these  inhibitions.  Orne  (13)  did  a  study  using  "real"  and  "fake" 
hypnotic  subjects  and  was  unable  to  distinguish  between  them  using  the 
following  tests: 

(1)  a  lighted  match  applied  to  the  third  finger. 

(2)  forcible  flexion  of  the  two  terminal  phalanges  of  the 
little  finger. 

(3)  electrical  stimulation  of  the  index  fingers. 

Interestingly  enough,  the  "fake"  subjects  flinched  less. 

Studies  by  Levitt  and  Brady  (14)  and  Barber  and  Calverley  (15)  have 
indicated  that  subjects  in  the  motivated  waking  state  are  capable  of  elicit¬ 
ing  performances  traditionally  associated  with  the  word  hypnosis.  The 
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studies  of  Rosenbaum  and  London  (16)  and  Slotnick  and  London  (17)  showed 
cases  where  hypnosis  seemed  to  markedly  improve  the  performance  in  sus¬ 
ceptible  subjects  while  having  little  effect  on  unsusceptible  ones. 

The  majority  of  studies  reviewed  employed  subjects  in  the  untrained 
state.  Populations  of  this  nature  are  obviously  not  functioning  at  or  near 
their  potential.  The  extent  that  training  results  in  desensitization  of 
inhibitory  phenomena  represents  a  limiting  factor. 

Morgan  and  Coyne  (18)  compared  the  relative  effectiveness  of  stereo¬ 
typed  task  motivating  instructions,  placebo  ingestion,  and  control  treat¬ 
ment  on  strength  of  grip  and  weight-holding  endurance.  The  placebo  group 
had  significant  decrements  on  both  parameters.  Since  this  study  was  a 
"single-blind"  study,  the  placebo  reaction  was  difficult  to  assess.  Sub¬ 
sequent  personality  testing  using  the  Eysenck  Personality  Inventory  (EPI) 
revealed  that  five  of  the  six  subjects  were  neurotic  extraverts  and  the 
sixth  subject,  while  extraverted,  was  not  neurotic. 

In  a  follow-up  of  the  previous  study,  Morgan,  Cooper  and  Goeckerman 
(19),  using  a  "double-blind"  technique,  concluded  that  extraverts  were 
negative  placebo  reactors  as  measured  by  strength  of  grip.  Significantly 
different  performances  were  not  observed  for  either  group  on  the  muscular 
endurance  task.  Estimation  of  performance  following  placebo  ingestion  was 
not  related  to  personality  type. 

Johnson,  Kramer,  and  Massey  (20)  used  hypnosis  to  assess  the  effec¬ 
tiveness  of  pre-performance  warm-up.  All  subjects  were  placed  in  a  hypno¬ 
tic  trance  and  then  half  engaged  in  warm-up  activities  which  were  forgot¬ 
ten  in  the  post-hypnotic  state.  Findings  indicated  that  warm-up  may  be 


I 


c.  I  :iM  'ts  '^‘  i  f  ».■-•*  U.t  fc4  'Vftrj  r  ''‘''B 

»  « 

[»l^-  ?  /'Vl  *“3«‘»' 


•-^(1*1  if' i-  Ji.iifi .  '  '* 

f  •  :  i 

il'.t.  0*  '  ■  ■  '  •  , 

J 

^  t»  kr  :  I  .  ^.'  V 

;t‘  ■•  ■  i(i/T,.,4 . 

I* 


>.  < 


-•mff-i' 


'  I  ■  3 ,  ? .  W  *«  ♦  '  '  «  f  ‘  U  <• 

.  f  .  '’■•''ii£ 

i  r. 

.‘u  ‘-i 

i  i'&'i}’*'-  C'  V.  *■•  I .  '  rifi 


•f  -  ,5*.  Afliwrtivil'aflr'JV'.  Vv-^i  >'  f  r  *  ■- v  f4il)  '''*'•  ♦•••h-w  . 

- ,  *•  I'*  »»'••*•  '  *•**’'•  -  ^-'''-t  -fCi 

<; 

t  I  Jj  1  *Vi  04  "J  »ii<  I-*''’  |.pi  :).  jQ  Wj^./4l‘Jie  4i».  i|H 

"  •'  •*,  ^ 


:#.(  ■'  ■;  o  'i-v%l*i  u.\yl 

i.  tM  •  i  •:»  ’ 

.  .  JE?  Kc 

'  >  t  '».  -  I  I 

i'  j'rii*  (.-•’^v 


a 

-  t  ,u/;f  I '.♦<>•■  I  '  n  '  ■  ■■  asT,  i  '«<•■■  ’’  < ,.  ‘  6  fe£?t 

oVL  'i  ^  ^  hi '*i  •!»]  kJ'  a'’ 


^  j.  -  I  « 

'  'l■^^[iV^  ‘J'  1  . -t' .►'ir.ic  |40  .!♦«&?  inj-,  ■ ‘  ^paa 

.  r  '  t . .  r  ■-  '  vC  0  t-?'  :^]  llr  il  ■  •  U  ‘’ti’  I  ■;  0  »y  i3  tCl  5  »  »  *  I-.'*  van 

’  _  * 

>1.  lii-V  ,t-H-  »  t‘^‘^  iKtIb 

.■‘S 

.r.  ..  i  r'  1  {  I  f  .  "<  vr*"  4 

•*  J  ’ 

-•;  V  »  r-*vfc  >0«p,n  ti  -  ■  .  •./  )(  '  r,.  *!  ■•-  C 

■  ;!»»'  ;■•  lif  /M?*!'  •*-  'VJ'tT'ri  Cl  irT  -  »Ji  »  r  0VJ:t^9t\ 

*  ‘  I 


‘t''<4»»i  a***  nc 
laVKaabl  l%ll[|4 


ir 


•  r 

tii»3  '  t  'f  »  i  avcj>ir'Ba>j-'iM«T#'  ■  t' 


oiVili 


\ 


# .'  'v'*4  »  '•  •) •■  !^r  ia-  '-c  .  .0i  ^  r-*:.'  a,' ^  O’rr.Nr* 

^  I  t'.r*  u.!j»  <■'  '*oati  •  ^noiiri^^n. 

yA-ri  f  , 

.V 

::  r  •,  t  *■■-#>■  Wajjlf'-a  1  .'■  '  ir «'Nc3  < 'JO  '•.cfltiavJ? 

W4- ‘  *^""**^'4111^*^''  '*  •‘i  '  ‘'"J*  ^1*“'  --I? 

Oil  c  '.i  nl  o'o? 


14 


a.  variable  related  to  motivation  since  it  was  discovered  that  no  signifi¬ 
cant  performance  differences  were  noted  between  the  two  groups  in  a  post¬ 
hypnotic  test. 

Roush  (21)  had  her  subjects  run  through  tests  on  a  hand  dynamometer, 
arm  dynamometer,  and  hand -hang  apparatus  in  the  waking,  hypnotic,  and 
post-hypnotic  states.  Subjects  were  given  the  instructions  to  ignore 
pain  in  the  hypnotic  and  post-hypnotic  states.  Subjects  showed  increased 
performance  in  all  three  tests  for  the  hypnotic  state.  Indications  were 
that  this  increased  performance  results  from  removal  of  inhibitory  in¬ 
fluences  during  the  hypnotic  state. 

Merton  (22),  using  a  one-trial  experiment,  found  that  a  voluntary 
effort  can  realize  the  full  tetanic  tension  of  the  muscle  but  this  obser¬ 
vation  was  limited  to  very  brief  periods  of  contraction.  Out  of  this  it 
was  postulated  that  one's  greatest  strength  is  only  available  for  a  few 
seconds  before  fatigue  arises. 

A  shortening  of  conduction  time  across  spinal  centres  was  observed 
by  Margaria  and  Gualtierotti  (23) .  This  decreased  synaptic  time  involves 
substantial  change  of  chemical  processes  taking  place  during  excitation 
at  the  synaptic  level.  A  short  exhausting  exercise  which  presumably  may 
lead  to  a  transient  slight  modification  of  the  reflexes  failed  to  result 
in  statistically  significant  detectable  changes.  In  long  lasting  exercise, 
changes  in  central  time  were  significant. 

Johnson  (24)  used  pre-pubescent,  pubsecent,  and  post-pubescent  boys 
on  two  exercise  trials  on  a  bicycle  ergometer  under  motivated  and  non- 
motivated  states.  There  was  variable  reactions  to  the  motivated  exercise 
for  all  three  classifications.  Additional  motivation  tends  to  produce 
greater  effort  as  evidenced  by  increases  in  pace  and  more  acute  adjustments 
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in  heart  rate  and  blood  pressure  but  the  additional  effort  did  not  nec¬ 
essarily  produce  greater  total  work  output. 

Ikai  and  Steinhaus  (25)  postulated  that  all  performances  of  a  short 
maximal  limit  were  manifestations  of  acquired  inhibitions.  Inhibitions 
were  eliminated  by  drugs,  alcohol,  and  hypnosis.  In  the  surprise  shot 
case,  the  "orienting  or  focusing  reflex"  would  be  evoked  or  else  it  would 
act  as  an  external  inhibitory  agent  inhibiting  the  contraction  response 
resulting  in  a  lesser  strength  response  than  usually  noticed.  Accepting 
the  view  that  such  inhibition  radiates  over  the  cortex  to  involve  many 
neural  centres,  the  greater- than-normal  pulls  exerted  when  the  shot  pre¬ 
ceded  the  pull  by  four  to  ten  seconds  would  be  explained  by  the  inhibition 
of  inhibiting  mechanism  in  areas  to  which  the  shot-induced  inhibition  had, 
in  the  intervening  time,  spread.  The  above-normal  strength  in  the  second 
pull  was  found  as  long  as  sixty-four  seconds  after  the  shot.  An  alternate 
explanation  assumes  a  weakening,  with  time,  of  the  trace  left  by  the  shot: 

...the  process  of  internal  inhibition  is  more  labile 
(unstable)  than  that  of  stimulation  and  hence  there  can 
always  be  found  such  intensities  of  the  new  external 
inhibitory  agent  as  are  just  sufficient  to  inhibit 
internal  inhibitions  but  not  strong  enough  to  suppress 
the  constant  more  stable  process  of  the  conditioned 
excitation.  In  this  case,  then,  only  disinhibition 
occurs ...  (26:  137). 

The  observations  presented  by  Jacobson  (27)  suggest  that  both  the 
sensory  and  the  motor  responses  of  the  organism  to  a  sudden  strong  stimu¬ 
lus  depend  upon  the  preceding  general  state  of  muscular  tonus;  that  the 
feeling  of  shock  is  weak  or  absent  and  the  start  is  wanting  or  minimal 
where  the  individual  is  extremely  relaxed. 

Manzer  (28)  has  subjects  make  fifty  maximal  muscular  contractions 
each  at  fifteen  second  intervals  on  the  Smedley  hand  dynamometer.  The 
work  was  done  concealed  from  all  subjects.  After  each  contraction  from 
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the  eleventh  to  the  thirtieth  inclusive,  the  subjects  in  the  experimental 
groups  were  told  by  the  experimenter  the  amount  of  work  that  they  had 
done.  Knowledge  of  output  was  followed  by  a  prompt  upward  turn  in  the 
curve  of  muscular  work.  When  knowledge  of  output  was  removed,  no  abrupt 
fall  in  the  work  curve  occurred.  Telling  the  subject  that  he  will  receive 
knowledge  of  his  output,  before  the  knowledge  of  his  work  score  begins, 
resulted  in  a  prompt  upward  turn  in  the  work  curve. 

Fatigue  Curves  ~  Nature  and  Considerations 

As  applied  to  the  fatigue  problem,  the  exponential  theory  assumes 
that  each  contraction  uses  up  a  certain  fraction  of  the  initial  work  poten¬ 
tial  of  the  muscle,  over  and  above  that  of  the  steady  state  which  main¬ 
tains  the  fatigue  level.  (29)  This  fraction  will  obviously  be  different 
if  the  rate  of  contraction  is  increased  or  decreased.  The  loss  in  work 
potential  as  between  the  first  and  second  contraction  represents  as  alge¬ 
braic  balance  between  the  amount  of  energy  used  for  the  contraction  and 
the  amount  functionally  restored  during  the  partial  recovery  that  occurs 
between  the  two  contractions. 

The  fatigue  level  is  mathematically  an  asymptote.  The  theory  assumes 
that  this  asymptote  will  be  approached  in  a  systematic  and  progressive 
manner,  other  things  being  equal.  Change  in  motivation  will  cause  irregu¬ 
larities  in  the  curve.  Also,  changes  in  physiological  conditions  will 
cause  departures  from  the  simple  exponential  formula. 

The  normal  muscle  fatigue  curve,  as  observed  with  a  spring-loaded 
ergograph  shows  a  simple  exponential  decay.  The  work  done  by  any  parti¬ 
cular  contraction,  n,  is  given  by  the  expression 
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where  Aq  is  the  work  done  in  the  first  contraction,  k  is  the  fatigue 
rate  constant,  and  C  is  the  fatigue  level. 

Clarke  (30)  used  a  dynamic  type  of  fatiguing  exercise  on  thirty 
subjects  who  were  required  to  squeeze  a  spring-loaded  hand  ergograph 
maximally  once  every  two  seconds  for  six  minutes.  Mathematical  fatigue 
curves  fitted  to  the  data  obtained  during  exercise  confirmed  the  results 
of  previous  investigators. 

Vallerga  (31)  studied  the  influence  of  "perceptual”  stimulus  intensity 
on  the  speed  of  large  muscle  motor  movement  and,  in  a  separate  experiment, 
the  influence  on  the  force  of  muscular  contraction.  In  general,  the 
louder  sounds  produced  faster  arm  movements  and  stronger  contractions  of 
the  muscles.  It  was  postulated  that  the  greater  perceived  stimulus 
intensity  results  in  stronger  excitation  of  the  pyramidal  tracts  and  con¬ 
sequently  more  forceful  muscular  contractions. 

The  Learning  Component  in  Repetitive  Maximal  Contractions 

Freeman  and  Sharp  (32)  demonstrated  the  cyclical  nature  of  action 
potentials  from  the  biceps  following  weight-lifting,  and  added  if  such 
tensions  are  found  to  follow  a  cyclical  course,  they  will  constitute  an 
important  factor  in  any  hypothetical  explanation  of  such  phenomena  as  the 
relative  effectiveness  of  spaced  and  massed  practice,  the  influence  of 
presentation  intervals  in  memorization,  the  effect  of  different  intervals 
between  periods  of  practice  in  experiments  on  retroactive  inhibition,  and, 
perhaps  reminiscence. 

Fleishman  (33)  made  an  attempt  to  produce  differential  effects  of 
certain  supplementary  verbal  motive  incentive  instructions  upon  perform¬ 
ance  of  individuals  of  different  ability  levels.  Subjects  practiced  on 


> 


xa'JJi'  i  OJO 


j  oi  jj  ,ijc}la».x*<fp5  3  6<^  ^  </ 

.l>»vf»J  3  ai  ^  i ji-eleflc^a  «*3fc'3t 

t>ii>3'j»*v;v  5c  t  doaw  .(«> 

chuti  rabt  •  Mft  W^a  *  iii'»»t^rC‘ J  i.aiiopdx  oiirv  o«V 


4 


■.■  (I' 


9irxJ3»3  l^aUi  .gfiiwnirt  *.it  'i‘/X  atw^ortB  v«3  ^1BVS»  »iiiH*  \(ij6inlx&« 


I 


'  ^  e-i«W  iMTilJiJoa  0EJa3^>»&  ^nim/b  iMdi^ytio  Bj&b  »rf3  M  l*s33.U  esviwa 

.  r»o3ftJp3 »»v«i  euolirexq  5o 

-{JlwJSKlnJ  feiriimii.ia  "'lf.ti3ti»a:iaq**  lo  aacwiiinj  sth  hsiit-wte  (Jt) 

4« 

*:n«iJ-jj./fXE>  93»»:tJvq&fe  »  nJ  ,lwi»  rsoJcxrr  sI^RWffi  ojircJ  ic  b®»qt  »ii3  no 

.»  ■* 

o.'J  ,U*i!in»^  nl  ,f»oliaBi3/»or5  t£.!uoRue  ?o  ©a-io5  Brii  ^tnu>nnl  ada 

-  7  ■  • 

5c  nnPiiaaianos  7»?-no33t  boa  e'ra«7ve.»a  t63fi»^  ^frouho-rq  eh/.nco  ^abool 
NiiluffrJtJa  aHJ  i*riJ  bftlct/neoq  a*w  jI  .u&iaBoa  ori3 

*n07  bn*  Itaa^i  UbhttfiTxq  io'^oc>sj»3ioxa  xtf^noxJa  ni  aJijJ8J*7 

•‘iom  \il3nt>ifpoa 

l^wi  ^  ^ 

gPljf  JSJ  €lJ  ^*rir<c^ 

noj.  axK  1C  '•fujiti  'Luailsx^  b&'ei^anotftat^  (iC)  iiiiA  ni^wtJi'H 

J  . 

d'jht  il  bcMiCr  br>*  j^Oinol  IoJ  e'jaoi^' alMiJa&^q 

% 

{\%  ajnJiiiLitoo  JJlV  v.a/<3  lOBXJUPp  ia3.<.l''^5»  u  wi^Uoi  oi  brmoi  aifi  BGo4«na3 
»/l3  ftB  Jifjatttont'rq  in  noi j ufjfc .' ie'ji3si^3oqx^  .\nb’  ci  xo3P*i  4jJ*37oq»l 

5o  aorjo*»>i4tj  '»(n  ,aftii34ttq  bc8*fc«  IdUJ  bttonqe  5o  easnavlipaiis  aviaalax 

'4’ 

?.ifcvx4»ci  JnaSt^^lb  5<(  3pp35a  BiiJ'icer?acj  Ii4  «i4.£iv*a93i5i  ao43«4/ia60»q 

»  •  ^ 

»brij»  (isoiJjtilirUii  Bvi*  *jiJ0i5Jiii  no  e3n»niiaqx-£»  <i)  aoiaoBiq  ^o  aboixaq  nsawpad 

‘•>~A 

v^pnaaainina^  cq»dx»c{ 

,,-fv 

5c  «)od53a  lularainj^ib  a-^juboxq  03  jqKsJJt  o*  abac’  <££)  canrteloi^  . 


'•< 


-TT.olxoq  Itoiu  8iioAJoui3tii)i  avlJnaoni  aviso®  lodpov  q^ii'naafilqque  Di£t3»3 

00  baajtsao^q  .olava/  'caiiido  JriBt9^%lb  5o  oioubivlb/il  5o  apno 

i 


1 


V-‘ 


4 


18 


self-paced  complex  psychomotor  tasks  for  twenty,  one  minute  trials.  Only 
in  the  high  ability  subjects  did  the  motivational  instructions  make  a 
significant  difference. 

Whitley  and  Elliot  (34)  showed  that  individuals  can  learn  how  to 
exert  force  statically  in  an  unfamiliar  and  fairly  complex  strength  test. 
The  influence  of  this  learning  effect  can  be  determined  providing  that 
possible  facilitative  effects  of  training  and  inhibitory  effects  of  fatigue 
are  minimized. 

Level  of  Activation 

The  behavior  of  the  organism  may  be  described  as  always  occurring 
with  some  particular  degree  of  intensity.  The  intensity  of  response  is 
measurable  in  terms  of  the  force  of  overt  action  or  in  changes  in  the 
internal  processer  associated  with  the  release  of  energy.  Duffy  (35,  36) 
contends  that  for  most  purposes,  a  concept  of  intensity  based  on  the 
measurement  of  internal  processes  appears  to  be  a  more  useful  psychological 
construct  than  one  based  on  the  force  of  overt  response.  Such  a  concept 
may  be  referred  to  as  the  level  of  activation,  the  degree  of  arousal,  or 
the  degree  of  energy  mobilization,  and  describes  a  condition  conceived  to 
vary  on  a  continuum  from  a  low  point  of  extreme  effort  or  intense  excite¬ 
ment  . 

The  concept  of  activation  holds  further  significance  for  psychology 
by  virtue  of  the  fact  that  variations  in  the  degee  of  activation  are 
usually  accompanied  by  certain  variations  in  overt  response.  The  degree 
of  activation  appears  to  affect  the  speed,  the  intensity,  and  the  coordin¬ 
ation  of  responses.  In  general,  the  optimal  degree  of  activation  appears 
to  be  a  moderate  one;  the  curve  which  expresses  the  relationship  between 
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activation  and  quality  of  performance  being  the  form  of  an  inverted  "U." 

The  effect  of  any  given  degree  of  activation  upon  performance 
appears  to  vary  with  a  number  of  factors,  including  the  nature  of  the  task 
to  be  performed  (37)  and  certain  characteristics  of  the  individual  such 
as  the  ability  to  inhibit  and  coordinate  responses  under  a  high  degree  of 
activation.  Organismic  interaction  is  the  basic  explanatory  principle 
suggested  (38)  to  account  for  the  particular  effects  upon  performance  of 
various  degrees  of  activation. 

Eason  and  Branks  (39)  stated  in  their  review  that  a  considerable 
amount  of  data  has  been  obtained  which  indicates  that  tension  level  re¬ 
flects  the  amount  of  effort  exerted  during  the  performance  of  a  task,  and 
more  generally  the  level  of  activation.  Hence  whether  tension  level  will 
correlate  positively  or  negatively  with  performance  quality  on  a  given 
task  would  be  dependent  on  the  factor  or  factors  responsible  for  a  change 
in  activation  level.  An  exception  to  this  might  be  expected  to  occur 
only  when  the  subject  is  already  performing  at  his  maximal  skill  level, 
resulting  in  possible  decline  in  performance  (40) . 

Duffy  (41)  hypothesized  a  two-dimensional  behavior  model  in  which 
behavior  varies  in  both  direction  and  intensity.  From  this  model,  one 
cannot  tell  from  changes  in  tension  level  alone  whether  performance  on  a 
given  task  has  improved  or  deteriorated  since  performance  quality  is  also 
dependent  upon  the  direction  of  the  subject's  behavioral  activity  at  the 
time  . 

Klein  (42)  proposed  that  for  every  task  there  might  exist  optimal 
tension  levels  above  or  below  which  performance  is  impaired,  and  that  the 
quality  of  performance  in  skilled  motor  tasks  is  dependent  on  the  extent 
to  which  the  performer  manifests  these  optimal  levels  on  any  given  occa- 
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Malmo  (43)  suggested  that  muscular  tension  might  function  in  a  type 
of  closed-loop  feed-back  circuit  where  tension  states  are  induced  experi¬ 
mentally  or  occur  through  learning;  and  these  tension  states  in  turn 
feed-back  centrally,  activate  the  reticular  formation,  and  create  activa- 
tional  level. 

Hebb  (44)  related  activation  level  and  performance  by  psychologically 
naming  the  two  different  effects  of  a  sensory  event:  the  cue  function, 
which  guides  behavior;  and  the  arousal  function,  which  is  similar  to 
Duffy's  directional  and  activational  aspects  of  behavior.  Hebb  explained 
the  inverted  U  relationship  between  activation  level  and  performance  by 
considering  the  relation  of  cue  function  effectiveness  to  level  of  arousal. 
Assuming  physiologically  that  cortical  synaptic  function  is  facilitated  by 
the  diffuse  "bombardment"  of  the  arousal  system--the  reticular  activating 
system--when  "bombardment"  is  at  a  low  level,  an  increase  will  tend  to 
maintain  the  concurrent  cortical  activity.  Conversely,  when  arousal  is 
at  a  high  level,  the  greater  "bombardment"  may  interfere  with  the  delicate 
adjustments  involved  in  cue  function,  perhaps  by  facilitating  irrelevant 
responses.  It  was  concluded  that  an  optimal  level  of  arousal  exists  for 
effective  behavior. 

Easterbrook  (45)  supported  Hebb's  theory  of  efficiency  of  cue  utiliza¬ 
tion  contending  that  whether  a  course  of  action  is  facilitated  or  disrupted 
by  activation  depends  on  its  complexity  and  upon  the  range  of  cue  utiliza¬ 
tion.  Increased  activation  tends  to  interfere  with  the  use  of  incidental 
cues,  perhaps  diminishing  their  phenomemal  value  and  delaying  reaction  to 
them.  However,  it  also  tends  to  sharpen  or  concentrate  action,  and  to 
perhaps  enhance  the  phenomenal  importance  of  central  cues  and  expedite 
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From  a  different  point  of  view,  Adams  (46)  stated  that  an  increase 
in  electromyographic  recordings  during  work  must  be  due  to  a  recruitment 
of  additional  motor  units  in  order  for  a  subject  to  sustain  a  particular 
work  load.  Unanswered  was  the  question  of  how  these  new  motor  units 
become  activated.  Eason  and  Branks  (39)  suggested  that  the  activation  is 
cortically  aroused  and  represents  the  strength  of  the  subject's  motiva¬ 
tion  in  performing  the  task.  In  other  words,  as  fatigue  increases,  acti¬ 
vation  arises  to  compensate  for  the  subject's  growing  inability  to  cope 
with  task  demands . 

To  account  for  the  fact  that  neuro-muscular  control  deteriorates 
when  a  task  becomes  progressively  complex,  Eason  and  White  (49)  postu¬ 
lated  that  when  tension  level  becomes  too  great,  implicit  muscular  respon 
ses,  irrelevant  to  the  task  being  performed,  compete  for  motor  units  ac¬ 
tively  involved  in  the  task,  and  thereby  reduce  the  amount  of  control  the 
performer  is  capable  of  maintaining. 

Loudness  and  Stimulus  Intensity 

It  might  be  expected  that  loudness  increases  in  proportion  to  the 
intensity  of  the  stimulus.  According  to  Fechner's  Law,  loudness  is  pro¬ 
portional  to  the  logarithm  of  the  stimulus  intensity,  but  this  supposi¬ 
tion  proved  to  be  far  from  the  truth.  If  Fechner's  Law  held  for  loudness 
any  increase  of  one  decibel  should  give  the  same  increment  of  loudness 
regardless  of  the  initial  density.  Actually  an  increase  of  one  decibel 
in  a  strong  tone  sounds  much  greater  than  the  same  increase  in  a  weak 
tone.  Conversely,  equal  absolute  increments  of  intensity  sound  greater 
in  weak  tones  than  in  strong  tones.  By  deduction  then,  the  function 
relating  loudness  to  stimulus  intensity  falls  between  the  linear  and  the 
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logarithmic  curve  (3) . 

Stevens  (48)  found  that  on  quantitative  perceptual  continua,  such 
as  loudness,  equal  stimulus  ratios  produce  equal  sensation  ratios.  This 
principle  meant  that  the  psychological  magnitude  (loudness)  can  be 
described  as  a  power  function  of  the  physical  magnitude  (intensity). 
Further,  an  example  of  practical  utility  can  be  seen  in  the  application 
of  this  power  law  to  the  problem  of  predicting  the  loudness  of  a  complex 
noise  from  physical  measurements  made  on  the  spectrum  of  sound  (49,  50) . 
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CHAPTER  III 


METHODS  AND  PROCEDURES 


Sub  jec  ts 

The  sample  consisted  of  eighty  male  physical  education  majors  and 
required  service  program  volunteers.  Only  right-handed  subjects  were 
used  in  this  study. 

Apparatus 

A  Stoelting,  spring-loaded  hand  dynamometer  was  mounted  on  an 
unfixed  base.  The  base  was  constructed  so  that  no  mechanical  force, 
excepting  that  of  the  wrist  flexors,  could  be  applied  to  the  hand  dynamo¬ 
meter  (see  Figure  1) .  This  procedure  standardized  the  mechanical  advan¬ 
tage  for  all  subjects.  The  angle  of  the  working  arm  was  maintained  at 
ninety  degrees  at  the  elbow.  The  non-working  arm  was  rested  parallel  to 
the  working  arm  approximately  eight  to  ten  inches  away.  Subjects  remained 
seated  throughout  the  testing.  A  blind  was  incorporated  to  ensure  that 
the  subject  could  view  neither  his  results  nor  the  experimenter.  The 
experimenter  could  view  the  subject  in  a  mirror  located  on  the  wall  behind 
the  subject.  All  instructions  were  pre-recorded  to  provide  uniform  con¬ 
ditions  for  each  subject.  The  tape  recorder  was  located  three  to  four 
feet  directly  behind  the  subject  to  facilitate  binaural  hearing. 

The  Instructional  Tape 

Four  separate  instructional  tapes  were  made,  one  for  each  treatment 
condition.  The  control  tape  was  recorded  at  a  baseline  level  of  fifty 
decibels,  seven  hundred  cycles  per  second.  To  ensure  that  each  stimulus 
signal  was  identical,  a  loop  of  five  second  duration  was  made  from  the 
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FIGURE  1:  HAND  DYNAMOMETER  APPARATUS 
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FIGURE  2:  HAND  DYNAMOMETER  MOUNT 
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original  instruction  "pull."  A  warning  blip  of  forty-five  decibels, 
five-hundred  cycles  per  second,  one-quarter  second  duration  was  included 
in  the  loop,  midway  between  the  stimulus  signal  to  "pull."  Twenty-five 
such  combinations  were  made  for  the  control  tape,  excluding  the  blip 
before  the  first  stimulus  signal.  For  the  experimental  conditions,  the 
control  tape  was  duplicated,  except  that  an  increment  of  minus  thirteen, 
plus  thirteen,  or  plus  twenty-six  decibels  was  made  from  the  baseline 
level  for  the  sixteenth  stimulus  signal.  In  the  actual  testing,  the 
intensity  of  the  baseline  level  was  increased  to  seventy- three  decibels, 
the  increment  remaining  constant  for  the  experimental  conditions. 

The  pre-test  instructions  (see  Appendix  E)  were  recorded,  duplicated 
four  times,  and  spliced  onto  the  body  section  of  the  test  tapes.  These 
instructions  were  recorded  at  an  intensity  level  ranging  from  sixty-eight 
to  eighty-one  decibels,  and  a  frequency  level  of  seven  hundred  cycles  per 
second . 

For  corresponding  levels  of  loudness  see  Table  I.  Table  I  demonstrates 
the  relationship  of  intensity  to  loudness  and  was  computed  from  a  table  in 
Hirsh  (1) . 

TABLE  I 

RELATIONSHIP  OF  INTENSITY  TO  LOUDNESS 


Intensity  Loudness 

(Decibels)  (Sones) 
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Methods  and  Procedures 

The  random  assignment  to  one  of  the  four  treatment  groups  was 
determined  and  the  appropriate  tape  for  the  specific  treatment  group 
was  placed  on  the  tape  recorder.  The  intensity  level  of  the  stimulus 
signal  was  checked  by  holding  a  sound-level  meter  (General  Radio  Company, 
Type  1551-C)  in  the  approximate  position  of  the  subject's  head  and  read¬ 
ing  the  deflection  of  the  pointer.  The  subject  was  then  brought  into  the 
room,  seated  in  front  of  the  hand  dynamometer,  and  shown  the  working 
position.  The  subject  was  given  three  practice  pulls  to  familiarize  him 
with  the  apparatus.  A  two  minute  interlude  was  given  between  the  practice 
pulls  and  the  start  of  the  actual  test.  During  this  time  the  experimenter 
gave  the  subject  the  cover  story  (see  Appendix  D) .  Upon  completion  of  the 
test,  the  subject  was  debriefed  as  to  the  actual  nature  of  the  experiment. 
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CHAPTER  IV 


RESULTS  AND  DISCUSSION 


Statistical  Analysis 

A  one-way  analysis  of  variance  was  used  to  determine  whether  or  not 
significant  differences  between  the  four  test  groups  existed.  The  results 
of  the  analysis  using  the  group  difference  scores  of  the  four  test  groups 
are  summarized  in  Tables  II  and  III. 

TABLE  II 

GROUP  DIFFERENCE  SCORES 


Group 

Number 

Mean 

Variance 

Standard  Deviation 

1 

20 

1.0300 

1.9633 

1.4012 

2 

20 

1.4200 

5.6585 

2.3780 

3 

20 

0.9900 

2.9957 

1.7308 

4 

20 

0.9700 

1.6812 

1.2966 

Totals 

80 

1.1025 

2.9550 

1.7190 

Key: 

1  -  Experimental  Group  (A)  -  Received  60  decibel  "pull"  on  trial  sixteen 

2  -  Control  Group  -  Received  73  decibel  "pull”  on  all  trials. 

3  -  Experimental  Group  (B)  -  Received  86  decibel  "pull"  on  trial  sixteen 

4  -  Experimental  Group  (C)  -  Received  99  decibel  "pull"  on  trial  sixteen 

TABLE  III 

ANALYSIS  OF  VARIANCE 


Source 

Sums  of  Squares 

Mean  Squares 

df 

F 

P 

Groups 

0.2725 

0.91 

3 

0.30 

0.83 

Error  0.2337  3.07  76 
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The  one-way  analysis  of  variance  yielded  no  significant  F  value  for 
the  difference  scores  of  the  four  test  groups  indicating  that  statisti¬ 
cally  there  was  no  significant  effect  produced  by  the  introduction  of  the 
independent  variable  in  the  three  experimental  conditions. 

To  add  further  power  to  the  statistical  treatment,  a  one-way  analysis 
of  covariance  was  employed  on  the  mean  scores  of  trials  eleven  to  fifteen 
and  sixteen  to  twenty  for  each  subject.  The  results  of  the  analysis  on 
the  adjusted  means  are  summarized  in  Table  IV. 

TABLE  IV 

ANALYSIS  OF  COVARIANCE 


Source 

df 

Mean  Squares 

Adjusted  F 

P 

Groups 

Within 

3 

75 

0.6596 

0.3043 

2.167 

0.884 

The  one-way  analysis  of  covariance  failed  to  show  a  significant 
difference  between  the  four  test  groups. 

Discussion 

The  statistical  analysis  has  indicated  probability  levels  of  p  =  0.83 
and  p  =  0.88  for  the  one-way  analysis  of  variance  and  covariance  respec¬ 
tively.  Though  neither  of  these  levels  can  be  considered  statistically 
significant,  it  would  be  improper  to  deny  a  further  analysis  of  the  find¬ 
ings  . 

Hebb  (1)  and  Easterbrook  (2)  proposed  congruent  theories  of  efficiency 
of  cue  utilization  contending  that  whether  a  course  of  action  is  facilitated 
or  disrupted  by  activation  depends  on  its  complexity  and  upon  the  range  of 
cue  utilization.  Increased  activation  tends  to  interfere  with  the  use  of 
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incidental  cues,  perhaps  diminishing  their  phenomenal  value  and  delaying 
reaction  to  them.  However,  it  also  tends  to  sharpen  or  concentrate 
action,  and  to  perhaps  enhance  the  phenomenal  importance  of  central  cues 
and  expediate  reaction  to  them.  Relating  the  fatigue  problem  to  this 
theory,  Eason  and  Branks  (3)  suggested  that  as  fatigue  increases,  activa¬ 
tion  arises  to  compensate  for  the  subject's  growing  inability  to  cope  with 
task  demands.  Eason  and  White  (4)  postulated  that  when  tension  level 
becomes  too  great,  implicit  muscular  responses,  irrelevant  to  the  task 
being  performed,  compete  for  motor  unit  actively  involved  in  the  task, 
and  thereby  reduce  the  amount  of  control  the  performer  is  capable  of  main¬ 
taining  . 

Fatigue  and  Muscular  Tension.  There  is  general  agreement  regarding  an 
optimal  tension  level  required  for  different  tasks,  but  less  agreement 
regarding  the  other  correlates  which  affect  performance.  Eason  and  Branks 
(3)  have  attributed  the  factor  or  factors  responsible  for  a  change  in 
activation  level  to  the  occurence  of  both  positive  and  negative  correlations 
between  tension  level  and  performance,  the  exception  being  when  a  person  is 
already  performing  at  a  maximal  level.  Then,  a  possible  decline  in  perform¬ 
ance  may  result. 

Other  factors  affecting  the  facilitation  of  an  activity  are  the  locus 
of  the  facilitating  activity  (5),  the  amount  or  intensity  of  the  facilitat¬ 
ing  activity  (6,  7),  and  the  time  relations  existing  between  the  onset  of 
the  facilitating  activity  and  the  performance  under  observation  (5,  6,  8)  . 
Each  of  these  factors  was  considered  in  establishing  the  experimental 
setting  and  procedures. 

Psychophysiologic  Phenomena.  One  factor  which  was  impossible  to 
standardize  was  the  pre-test  motivational  level  for  each  subject.  In  a 
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test  involving  a  voluntary  maximal  performance,  it  is  best  to  use  a 
homogeneous  group  which  would  be  characterized  by  an  inherent,  high 
interest  in  the  project  (9) .  Randomly  sampling  males  from  both  the 
physical  education  and  required  physical  education  student  populations 
violated  this  consideration. 

Margaria  and  Gualtierotti  (10)  observed  a  shortening  of  conduction 
time  across  spinal  centres  in  long  lasting  exercise,  while  short  exhaust¬ 
ing  exercise  failed  to  induce  detectable  changes.  This  seemingly  supports 
increasing  the  duration  of  the  working  time  before  applying  the  facilitat¬ 
ing  agent . 

Johnson  (11),  using  extrinsic  motivation  to  induce  greater  effort, 
found  increases  in  pace  and  more  acute  adjustments  in  heart  rate  and  blood 
pressure  in  subjects  riding  on  a  bicycle  ergometer.  The  additional  effort 
did  not  necessarily  produce  a  greater  work  output.  The  incorporation  of 
such  a  second-order  measure  would  have  revealed  whether  or  not  a  similar 
situation  existed  in  the  test  used  in  this  study. 

The  Startle  Response.  Ikai  and  Steinhaus  (6)  found  that  the  intro¬ 
duction  of  a  surprise  stimulus  could  evoke  the  startle  response  and  act 
as  an  external  inhibitory  agent  inhibiting  the  contraction  response, 
resulting  in  a  lesser  strength  response  than  usually  noticed.  In  some 
cases  though,  the  activation  of  the  orienting  or  focusing  reflex  results 
in  inhibition  radiating  over  the  cortex  to  involve  many  neural  centres, 
with  greater- than-normal  work  output  occurring.  This  was  explained  as 
the  inhibition  of  inhibiting  mechanisms  in  areas  to  which  the  stimulus- 
induced  inhibition  had  spread. 

Jacobson  (7)  suggested  that  the  startle  response  is  minimal  or  absent 
in  cases  where  the  individual  is  extremely  relaxed.  Vallerga  (12)  noted 
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that  louder  sounds  produced  stronger  contractions  of  the  muscles  specifi¬ 
cally  involved  in  the  task  being  done.  Possibly  the  greater  perceived 
stimulus  intensity  resulted  in  stronger  excitation  of  the  pyramidal  tracts 
and  consequently  more  forceful  muscular  contractions.  This  startle 
response  was  especially  noticeable  in  the  fatigue  curves  for  experimental 
groups  three  and  four. 

The  Fatigue  Curves .  The  fatigue  curves  derived  from  the  grouped  data 
were  consistent  with  the  literature  in  that  they  displayed  an  exponential 
decay.  Irregularities  due  to  changes  in  motivation  were  in  evidence  in 
portions  of  the  curves  for  groups  three  and  four.  The  control  curve  had 
a  noticeably  higher  initial  score  but  decayed  in  an  exponential  fashion. 

All  of  the  experimental  group  curves  appeared  to  illustrate  less 
decay  than  the  control  group  curve  for  the  portion  from  trials  sixteen  to 
twenty-five,  though  this  was  not  borne  out  statistically.  This  may  be 
attributed  to  the  difference  of  the  initial  response  level  of  the  control 
group  curve.  Figure  3  gives  the  mean  scores  for  all  groups. 
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CHAPTER  V 


SUMMARY  AND  CONCLUSION 


Summary 

The  purpose  of  this  study  was  to  determine  the  effect  of  stimulus 
intensity  on  the  fatigue  curve  for  voluntary  maximal  grip  strength. 

A  sub-problem  was  to  find  which  degree  of  intensity  change  would  be  most 
effective  in  inducing  the  change. 

Eighty  right-handed  male  physical  education  majors  and  required 
service  program  volunteers  in  attendance  at  The  University  of  Alberta 
were  randomly  assigned  to  one  of  four  groups. 

Each  subject  received  only  one  test  on  one  treatment  condition. 

Group  one  received  twenty-four  stimulus  signals  at  a  constant  level  of 
seventy- three  decibels,  except  on  trial  sixteen  when  the  stimulus  signal 
was  decreased  to  sixty  decibels.  Group  two  was  the  control  group  and 
had  twenty-five  identical  stimulus  signals  at  seventy- three  decibels. 

Groups  three  and  four  were  given  instructions  identical  to  Group  one 
except  they  received  a  stimulus  signal  of  eighty-six  and  ninety-nine 
decibels  respectively  on  trial  sixteen. 

Analyses  of  variance  and  covariance  on  the  difference  of  mean  scores 
of  trials  eleven  to  fifteen  as  compared  to  trials  sixteen  to  twenty  failed 
to  yield  a  significant  F  value. 

Conclusion 

On  the  basis  of  the  analysis  of  the  data  in  this  study,  the  following 
conclusion  is  justifiable; 

No  significant  differences  existed  between  any  of  the  four  treatment  groups. 
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Recommendations 

It  is  recommended  that  any  future  experimentation  along  lines  of 
inquiry  similar  to  this  study  incorporate  the  following  suggestions: 

(a)  Use  a  group  which  would  be  more  homogeneous  on  strength  of 
grip  as  well  as  specific  interest  in  the  study. 

(b)  Include  a  second  or  third  measureable  parameter  such  as  measures 
of  heart  rate,  blood  pressure,  or  electromyographic  activity. 

Some  suggestions  for  extended  research  are: 

(a)  The  motivating  stimulus  signal  could  differ  from  the  other 
instructional  cues  in  sensory  modality  as  well  as  intensity. 

(b)  The  number  of  trials  could  be  increased  to  fifty  from  the 
twenty-five  used  in  this  study. 

(c)  The  placement  of  the  motivating  stimulus  could  be  changed. 

(d)  The  number  of  times  that  the  motivating  stimulus  signal  is 
introduced  could  be  changed. 

(e)  A  comparison  could  be  made  on  the  difference  in  reaction  of  a 
highly  trained  individual  as  opposed  to  an  untrained  individual  to  the 


motivating  agent. 
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GROUP  AVERAGE  SCORES 


Trial 

Group 

I 

II 

III 

IV 

1 

49.05 

56.25 

52.50 

52.20 

2 

48.95 

54.90 

51.80 

51.70 

3 

48.20 

53.80 

51.25 

49.70 

4 

48.35 

53.15 

50.10 

49.50 

5 

47.45 

52.65 

49.30 

49.30 

6 

47.65 

51.90 

49.60 

49.00 

7 

46.60 

51.40 

48.40 

48.35 

8 

46.40 

51.05 

47.70 

47.75 

9 

46.25 

50.20 

46.85 

47.25 

10 

45.95 

49.40 

45.40 

47.35 

11 

45.45 

49.20 

45.35 

46.25 

12 

45.40 

49.00 

46 . 40 

46.40 

13 

45.25 

49.35 

46.15 

46.25 

14 

45.05 

49.35 

45.55 

46.40 

15 

44.85 

49.05 

45.65 

45.55 

16 

44.45 

48.20 

44.55 

45.00 

17 

44.25 

48.05 

45.25 

45.25 

18 

44.00 

47.60 

44.95 

44.95 

19 

43.85 

47.85 

44.60 

45.70 

20 

44.10 

47.15 

44.80 

45.10 

21 

43.55 

47.30 

44.45 

44.25 

22 

43.65 

47.05 

45.00 

44.25 

23 

42.95 

46.55 

44.45 

44.65 

24 

42.75 

46.05 

44.70 

43.85 

25 

43.55 

46.20 

44.25 

43.85 
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GROUP  DIFFERENCE  SCORES 


1 


Subject 

Group 

I 

II 

III 

IV 

L 

+1.0 

-1.6 

+2.2 

+0.8 

2 

+2.0 

+3.8 

+3.0 

+0.8 

3  1 

1 

+2.6 

-5.8 

+1.4 

+2.0 

1 

4  1 

i 

+0.6 

+3.8 

+0 . 8 

+3.6 

1 

1 

5  1 

+0.2 

+0 . 8 

-0.4 

+3.2 

: 

6 

+1 . 8 

+1.4 

-3.6 

+1.2 

7 

+1.4 

+0.6 

+4.4 

+0.2 

8 

-0.8 

+2.8 

-0.6 

+1.2 

9 

+1.2 

+3.2 

+0.4 

+2.0 

10 

-1.2 

+0.0 

+3.8 

+0.4 

11 

+3.0 

+1.0 

+0 . 8 

+0.8 

12 

-0.6 

+2.0 

+0 . 8 

-1.0 

13 

+1 . 6 

+1.0 

+0 . 8 

+1.6 

14 

+0 . 8 

+1.4 

+1 . 8 

+1.0 

15 

+1 . 8 

+2.2 

+0.4 

-0.4 

16 

+2.6 

+3.8 

+1.0 

-0.6 

17 

+2 . 4 

+2.8 

+0 . 6 

-1.0 

18 

+1.0 

+5.0 

+0.2 

+0.0 

19 

-2.4 

+1.0 

+2.4 

+0 . 8 

20 

+1 . 6 

-0.8 

-0.4 

+2.8 
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COVER  STORY 

This  experiment  is  designed  to  compare  Physical  Education  majors 
to  other  university-aged  males  on  the  task  of  grip  strength.  The  grip 
strength  task  is  being  employed  since  it  is  considered  the  best  simple 
prediction  of  total  body  strength.  Each  subject  is  to  make  twenty-five 
maximal  grip  strength  contractions  in  order  to  induce  a  fatigue  state. 

The  general  hypothesis  is  based  on  the  premise  that  Physical 
Education  students  are  generally  more  active  year  round,  participating 
in  several  different  sports.  Hence,  on  the  average,  they  should  be 
more  fit.  Group  comparisons  should  tend  to  show  that  the  Physical 
Education  group  base  a  higher  mean  grip  strength  score  as  well  as  being 
less  prone  to  fatigue. 
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PRE-TEST  INSTRUCTIONS 

This  study  concerns  the  f atiguability  of  Physical  Education  men  as 
compared  to  other  university- age  males.  You  will  be  required  to  make 
twenty-five  maximal  grip  strength  contractions  on  the  hand  dynamometer 
in  front  of  you.  It  is  essential  that  each  contraction  you  make  is  a 
maximal  contraction.  You  make  each  contraction  on  the  instruction 
"pull."  You  will  receive  the  twenty-five  instructions  to  "pull”  spaced 
at  five  second  intervals.  You  will  also  hear  a  warning  blip  about  two 
to  three  seconds  before  you  hear  the  instruction  "pull."  This  is  your 
cue  to  get  ready.  Now  reassume  your  working  position.  Remember  that  the 
blip  is  just  a  warning  or  preparation  signal.  Pull  only  on  the  instruction 
"pull."  Your  full  cooperation  is  essential.  Your  first  "pull"  will  come 
five  seconds  from  now. 
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